Objective: To describe caregiver burden among those whose children survive in-hospital cardiac arrest and have high risk of neurologic disability, and explore factors associated with burden during the first year post-arrest. Methods: The study is a secondary analysis of the Therapeutic Hypothermia after Paediatric Cardiac Arrest InHospital (THAPCA-IH) trial. 329 children who had an in-hospital cardiac arrest, chest compressions for > 2 min, and mechanical ventilation after return of circulation were recruited to THAPCA-IH. Of these, 155 survived to one year, and caregivers of 138 were assessed for burden. Caregiver burden was assessed at baseline, and 3 and 12 months post-arrest using the Infant Toddler Quality of Life Questionnaire for children < 5 years old and the Child Health Questionnaire for children > 5 years. Child functioning was assessed using the Vineland Adaptive Behaviour Scales Second Edition (VABS-II), the Paediatric Overall Performance Category (POPC) and Paediatric Cerebral Performance Category (PCPC) scales, and caregiver perception of global functioning. Results: Of 138 children, 77 (55.8%) were male, 77 (55.8%) were white, and 109 (79.0%) were < 5 years old at the time of arrest. Caregiver burden was greater than reference norms at all time points. Worse POPC, PCPC and VABS-II scores at 3 months post-arrest were associated with greater caregiver burden at 12 months. Worse global functioning at 3 months was associated with greater burden at 12 months for children < 5 years. Conclusions: Caregiver burden is substantial during the first year after paediatric in-hospital cardiac arrest, and associated with the extent of the child's neurobehavioural dysfunction.
Introduction
Caregiver burden is a multidimensional concept that reflects the stress and time demands of providing care for another person [1] [2] [3] . Parents providing care for children with disabilities often experience caregiver burden, which can lead to impaired parental health and decreased ability to care for the child. Children who survive a cardiac arrest may have disabilities due to the underlying condition that led to the arrest as well as neurologic injury incurring during the arrest [4] [5] [6] [7] . The extent of a child's disability has been associated with caregiver burden after out-of-hospital cardiac arrest and other chronic complex childhood conditions [8] [9] [10] [11] [12] [13] [14] . Out-of-hospital and in-hospital arrest in children have different aetiologies, treatments and outcomes, and the associated degree and determinants of caregiver burden may be different for these two conditions [5] [6] [7] . For example, most children with out-of-hospital cardiac arrest are healthy before the arrest whereas most children with in-hospital cardiac arrest have pre-existing illness that led to the hospitalisation in which the arrest occurred. Greater knowledge about caregiver burden after a child's in-hospital cardiac arrest would guide development of supportive interventions tailored to meet families' needs.
The Therapeutic Hypothermia after Paediatric Cardiac Arrest InHospital (THAPCA-IH) trial was a randomised trial comparing the efficacy of two targeted temperature management interventions on survival with good neurobehavioural function in children one year after inhospital cardiac arrest [15] . All children recruited to the THAPCA-IH trial were comatose, required mechanical ventilation after return of circulation, and were at high risk for neurologic injury. Results of the trial showed that neither treatment arm conferred a significant benefit on survival with good neurobehavioural function. As part of the THAPCA-IH trial, we evaluated caregiver burden at baseline (reflecting pre-arrest burden), and 3 and 12 months post-arrest. We hypothesised that caregiver burden is substantial during the first year after a child's in-hospital cardiac arrest and that the extent of the child's disability is
Outcomes
The primary outcome was caregiver burden 12 months after inhospital cardiac arrest. Caregiver burden was assessed using two scales from the Infant and Toddler Quality of Life Questionnaire (ITQOL) [19, 20] for children < 5 years old, and three scales from the Child Health Questionnaire (CHQ) [21] for children > 5 years. The two scales of the ITQOL used to assess caregiver burden were (1) parent impactemotion, and (2) parent impact-time [19] . The parent impact-emotion scale assesses how much parental anxiety or worry are caused by the child's physical and psychological problems. The parent impact-time scale assesses how much the parent's personal time is limited by the child's problems. The mean of the responses for each ITQOL scale is transformed to 0-100 with higher scores indicating lesser burden. Normative reference data from a U.S. population are not available; however, Dutch reference data exist [20] .
The three scales of the CHQ used to assess caregiver burden are (1) parent impact-emotion, (2) parent impact-time, and (3) family activities [21] . The parent impact-emotion and parent impact-time scales are similar to the corresponding scales of the ITQOL. The family activities scale assesses how often the child's health or behaviour interferes with family activities. The mean of the responses for each CHQ scale is transformed to 0-100 with higher scores indicating lesser burden. Normative reference data from a U.S. population exist [21] . Details of the ITQOL and CHQ can be found at https://www.healthactchq.com/ surveys.php.
Independent variables
Independent variables included child and caregiver sociodemographics, child clinical characteristics, family functioning and child functioning. Child clinical characteristics included pre-existing conditions, presence of congenital heart disease, occurrence of arrest post-cardiac surgery, primary aetiology of arrest, and use of extracorporeal membrane oxygenation at THAPCA-IH treatment initiation. Family functioning was assessed using the General Functioning Scale of the Family Assessment Device (FAD-GF) [22] . Child functioning was assessed using the Vineland Adaptive Behaviour Scales Second Edition (VABS-II) [23] , the Paediatric Overall Performance Category (POPC) and Paediatric Cerebral Performance Category (PCPC) scales [24] , and caregiver's perception of global functioning.
The FAD-GF is a 12-item measure used to distinguish healthy and unhealthy family functioning [22] . Each item is rated using a 4-point scale. Total scores are the mean of the item responses. A score > 2 indicates unhealthy functioning.
The VABS-II is a measure of adaptive behaviour from birth through adulthood [23] . Adaptive behaviour refers to a person's performance on daily life activities necessary for personal and social independence. VABS-II domains include communication, daily living, socialisation, and motor skills. The number of items that can be performed in each domain is standardised for the child's age. In a normative U.S. population, the mean VABS-II score is 100 and standard deviation is 15. Higher scores indicate better functioning.
POPC and PCPC scales are used to assess overall health and neurological functioning, respectively [24] . Both are 6-point scales of increasing disability. Scores are 1 for good/normal, 2 for mild disability, 3 for moderate disability, 4 for severe disability, 5 for coma or vegetative state, and 6 for death.
Caregiver perception of global child functioning was assessed using items developed by the investigators. At baseline, caregivers were asked, "Compared with children of the same age, were your child's home, school or social activities limited before his/her cardiac arrest? Response choices were, 'not limited, limited a little, or limited a lot.' At 3 and 12 months, caregivers were asked (1) "Compared with children of the same age, are your child's home, school or social activities limited now?" Response choices were, "not limited, limited a little, or limited a lot." (2) "Thinking about your child since his/her cardiac arrest, has he/ she gained a lot of new skills, gained a few new skills, stayed the same, lost a few skills, or lost a lot of skills.
Procedures
Trained research coordinators at the local sites assisted caregivers with completing baseline measures (ITQOL, CHQ, FAD-GF, VABS-II, and global functioning) within 24 h of recruitment. Baseline measures were intended to reflect pre-arrest status. Research coordinators rated POPC and PCPC scores at baseline and hospital discharge. At 3 and 12 months post-arrest, caregivers completed measures (ITQOL, CHQ, VABS-II, POPC, PCPC, and global functioning) via telephone with an interviewer from the Kennedy Krieger Institute.
Statistical analyses
Baseline characteristics were summarised using frequencies and percentages for categorical variables and medians and quartiles for continuous variables. The caregiver burden scales and VABS-II were summarised at baseline, 3 months, and 12 months using the mean and standard deviation. The caregiver burden scales at each time point were compared to reference values using the t-test, and the difference from baseline to 3 and 12 months as well as the difference from 3 to 12 months were examined using the paired t-test. Spearman correlations were used to assess associations between the caregiver burden scales and the independent variables. The reference values for each caregiver burden scale were used to calculate z-scores at month 12. These z-scores were used to categorise caregiver burden as mildly elevated/normal (zscore −1.5 to 1.5), moderately elevated (z-score −3 to −1.5) or highly elevated (z-score < −3). All analyses were completed using SAS software v9.4 (Cary, NC).
Results
Of 138 children, 77 (55.8%) were male, 77 (55.8%) were white, and 109 (79.0%) were < 5 years old at the time of arrest (Table 1) . One hundred and twenty-five (90.6%) had a pre-existing condition. Eightytwo (59.4%) had congenital heart disease and 51 (37.0%) had cardiac surgery. Aetiology of arrest was cardiac for 85 (61.6%), respiratory for 46 (33.3%) and other/unknown for 7 (5.1%). Pre-arrest adaptive behaviour was similar to reference norms for both age groups. Pre-arrest POPC and PCPC were in the good/normal to mild disability range for 107 (77.5%) and 116 (84.1%), respectively. Children's global functioning was assessed as not limited or limited a little for 106 (76.8%). Among caregivers, 114 (82.6%) had at least a high school diploma. Family functioning was assessed as healthy for 119 (86.2%).
For children < 5 years old, pre-arrest caregiver burden was greater (i.e., lower ITQOL scores) than reference values (Table 2) . Caregiver burden at 3 months post-arrest was similar to pre-arrest; caregiver burden at 12 months was improved compared to pre-arrest and 3-month values. For children > 5 years, pre-arrest caregiver burden was greater (i.e., lower CHQ parent impact-emotion and family activity scores) than reference values (Table 3) . Caregiver burden at 3 months post-arrest was greater (i.e., lower parent impact-time and family activity scores) than pre-arrest values. Caregiver burden at 12 months post-arrest was improved compared to 3-months and was similar to prearrest. In both age groups, mean caregiver burden was greater at all times compared to reference values.
For caregivers of children < 5 years old, 24 (22.4%) reported moderate to highly elevated burden for the parent impact-emotion domain and 22 (20.6%) the parent impact-time domain at 12 months post-arrest (Fig. 1 ). For caregivers of children > 5 years old, 12 (38.7%) reported moderate to highly elevated burden for the parent impactemotion domain, 11 (35.4%) for the parent impact-time domain, and 16 (51.6%) for the family activities domain.
Several measures of child function prior to 3 months post-arrest correlated moderately with caregiver burden at 3 months (Table 4) . Worse pre-arrest POPC and PCPC correlated with greater caregiver worry (i.e., parent impact-emotion) for children < 5 years old. Worse POPC and/or PCPC at hospital discharge correlated with greater caregiver worry and limitation in personal time (i.e., parent-impact-time) for children in both age groups. Worse POPC, PCPC, VABS-II and global functioning at 3 months post-arrest correlated with greater caregiver worry and limitation in personal time for children in both age groups. Higher caregiver education correlated with greater caregiver worry for children < 5 years old and greater caregiver burden in all domains for children > 5 years old. Healthy family functioning correlated with greater caregiver worry and limitation in personal time for children < 5 years old. Race, ethnicity, and the presence of pre-existing conditions did not correlate with caregiver burden (Data not shown).
Several measures of child function prior to 12 months post-arrest correlated moderately with caregiver burden at 12 months (Table 5) . Worse pre-arrest POPC and PCPC correlated with greater limitation in caregiver personal time for children > 5 years old. Worse POPC and/or PCPC at hospital discharge correlated with greater caregiver worry and limitation in personal time for children in both age groups. Worse POPC, PCPC, VABS-II and global functioning at 3 months and 12 months post-arrest correlated with greater caregiver burden in all domains for children < 5 years old, and with greater burden in most domains for children > 5 years old. Higher caregiver education correlated with greater limitation in caregiver personal time for children < 5 years old and greater caregiver worry and interference with family activities for children > 5 years old. Family functioning did not correlate with caregiver burden at 12 months. Race, ethnicity and the presence of pre-existing conditions also did not correlate with burden (Data not shown).
Discussion
Our findings demonstrate that caregiver burden is substantial during the first year after paediatric in-hospital cardiac arrest. The extent of the child's disability 3 months post-arrest was associated with caregiver burden at 12 months. Higher caregiver education was associated with greater burden 3 and 12 months post-arrest. Healthy family functioning was associated with greater burden 3 months post-arrest for caregivers of children < 5 years old, but not associated with burden by 12 months. Race, ethnicity and the presence of pre-existing conditions were not associated with caregiver burden. Although caregiver burden persists throughout the first year after paediatric in-hospital cardiac arrest, the temporal pattern of burden was different for caregivers of children < 5 years and > 5 years old. For caregivers of children < 5 years old, burden at 3 months post-arrest was similar to pre-arrest baseline, and declined to less than baseline by 12-months. Many of these younger children had congenital heart disease and were post-operative (43.1%) at the time of arrest. At baseline, the high level of burden may reflect caring for a child with an unrepaired heart defect. By 12-months, these children would have recovered from their surgery and despite the cardiac arrest during the hospitalisation, their care at 12 months resulted in less burden than prior to their cardiac repair. Prior research has shown that young children with congenital heart disease have functional disabilities and that their parents have increased illness-related stress, although the time course of parental stress, coping and adaptation have not been well characterised [25, 26] .
For caregivers of children > 5 years old, burden was greater at 3 months post-arrest than pre-arrest baseline, and declined to baseline by 12 months. The decline in burden at 12 months post-arrest to baseline suggests that for many caregivers the child's arrest did not contribute to burden in the long-term beyond that already present due to the illness that led to the arrest. It is also possible that the small number of children in the > 5 year age group (n = 29) made differences in burden difficult to demonstrate. Importantly, caregiver burden was significantly more than reference norms at all time points in both age groups.
Consistent with results exploring caregiver burden in the Therapeutic Hypothermia after Paediatric Cardiac Arrest Out-ofHospital (THAPCA-OH) trial [8] , caregiver-reported disability (VABS-II) and global functioning were moderately associated with caregiver burden. In contrast to the THAPCA-IH trial, most children in THAPCA-OH were healthy pre-arrest [27] and many survivors had severe disability post-arrest [28, 29] ; caregiver burden at pre-arrest baseline was similar to reference norms and persistently elevated above baseline at 3 and 12 months post-arrest. The greater burden perceived by caregivers after a child's out-of-hospital arrest may be related to a greater degree of post-arrest disability and the experience of caring for a disabled child when the child was previously healthy.
A higher level of caregiver education was associated with greater caregiver burden after paediatric in-hospital cardiac arrest. Highly educated caregivers may have greater recognition of their child's cognitive disabilities; and hence, greater anxiety, worry, and time committed to their child's care. Among parents of children with cancer, Abbreviations: ITQOL, Infant Toddler Quality of Life, VABS-II, Vineland Adaptive Behaviour Scale, Second Edition. a P-value from t-test comparing caregiver burden measure to reference. b P-value from paired t-test comparing caregiver burden measure to pre-arrest. c P-value from paired t-test comparing the change in caregiver burden measure from month 3 to month 12.
d Two children whose caregivers completed the ITQOL at 3 months were administered the CHQ at 12 months because the children turned 5 years between the 3-and 12-month assessments. Abbreviations: CHQ, Child Health Questionnaire, VABS-II, Vineland Adaptive Behaviour Scale, Second Edition. a P-value from t-test comparing caregiver burden measure to reference. b P-value from paired t-test comparing caregiver burden measure to pre-arrest. c P-value from paired t-test comparing the change in caregiver burden measure from month 3 to month 12. d Two children whose caregivers completed the ITQOL at 3 months were administered the CHQ at 12 months because the children turned 5 years between the 3-and 12-month assessments.
both higher and lower levels of education have been associated with increased parental distress and caregiving demands [30] [31] [32] [33] . These findings suggest that general education may not protect against caregiver burden and that supportive interventions may be needed regardless of education level. Healthy family functioning pre-arrest was associated with greater caregiver burden at 3 months post-arrest for children < 5 years old. The relationship between family functioning and caregiver burden is complex [2] . Greater burden can lead to unhealthy family functioning and vice versa. On the other hand, the challenges of managing a chronic condition can improve aspects of family functioning such as problem solving [2, 34] . Thus, caregiver burden may be associated with families learning to function together better. Neither caregiver education nor family functioning were associated with burden after paediatric out-ofhospital arrest [8] . Children with out-of-hospital arrest have a greater degree of disability post-arrest which may be a more important determinant of burden, potentially masking other factors. 
Limitations
Limitations of this study include using different caregiver burden measures for younger and older children. Separating the primary outcome by age group could have reduced the statistical power to detect some meaningful associations. Normative reference data from a U.S. population are not available for the ITQOL. Other limitations include the select population of children included in THAPCA-IH. However, because these children were at high risk for neurologic injury, knowledge about burden for this population will be most useful to caregivers and clinicians. Other potential risk factors for caregiver burden exist that were not evaluated. Caregiving can have a positive impact on caregivers [35] which was also not evaluated.
Conclusions
Caregiver burden is substantial during the first year after paediatric in-hospital cardiac arrest. Standardised measures of the child's neurobehavioural function as well as caregivers' subjective perceptions of their child's global function were associated with caregiver burden.
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